IT IS NOW WELL RECOGNIZED that regional distribution of myocardial blood flow is heterogeneous. Relative dispersion (RD), a conventionally used measure of perfusion heterogeneity, is dependent on the spatial resolution of the measurement method. It increases when spatial resolution of the measurement is increased. The comparison of data obtained in different laboratories may therefore be misleading because uniform dissection schemes for organs are precluded by animal size and technical possibilities. This dilemma has been resolved by the introduction of fractal analysis of myocardial blood flow heterogeneity (1, 31) . With fractal analysis, the increase of RD is set in relation to increasing resolution. From this analysis, a single parameter, the fractal dimension (D), may be calculated as 1 Ϫ the slope of the linear relationship between the natural logarithms of measurement resolution and perfusion heterogeneity measured by RD. By using D, comparison of data from different studies is possible and, at the same time, proper credit is given to the fact that regional myocardial perfusion (RMP) displays fractal properties. Fractal analysis is increasingly accepted to further elucidate physiology of myocardial blood flow in experimental animals (5, 15, 24, 26) . Absolute regional myocardial blood flow can also be measured in humans, and heterogeneity of RMP is recognized to be of relevance in coronary artery disease (4, 7) . Fractal analysis may be used for patient data for the same benefit as in animal studies. For myocardial perfusion heterogeneity, as determined with RD (SD/mean), D may vary from 1.0 (uniform distribution) to 1.5 (random uncorrelated variations) (1) . By definition, D is a global measure of heterogeneity.
Correlation of perfusion in adjacent tissue samples has been suggested as a method of assessing selfsimilarity of regional myocardial blood flow (24, 26) . The resulting correlation coefficients may vary from 0 to 1. Zero signifies that no linear relationship of blood flow to neighboring tissue regions exists, whereas 1 indicates a deterministic linear relationship of neighboring blood flow values.
Hypervolemic hemodilution causes a reduction of D of perfusion in canine hearts from 1.17 to 1.09 (i.e., homogenizes perfusion). This has been attributed to increased coronary blood flow (5) . Reduction of coronary perfusion pressure reduced local correlation of regional perfusion, whereas pharmacological vasodilatation partly reversed this phenomenon (26) . These data indicate that alteration of hemodynamic determinants of coronary perfusion may impair the physiological nonlinear regulation of RMP. Coronary artery stenosis may reduce poststenotic perfusion pressure and therefore aggravate shock-induced alterations. The high prevalence of ischemic heart disease in surgical patients (21, 22) suggests that the combination of silent ischemia and traumatic hemorrhagic shock may be frequent and therefore warrants examination.
Myocardial ischemia induces disturbances of distribution of blood flow (3, 14) . Small-volume resuscitation has been shown to attenuate microvascular disturbances in striated muscle after ischemia (27) . Capillary narrowing in hemorrhagic shock is reversed by infusion of hypertonic solutions (25) , and coronary vessels are dilated by infusion of hypertonic saline (30) . These data suggest that shock, particularly when ischemia is aggravated by coronary stenosis, induces disruption of the physiological regulation of blood-flow distribution. Infusion of hypertonic/hyperoncotic solution may potentially reverse these changes and restore physiological heterogeneity.
In this report, we present results of fractal analysis and spatial correlation analysis of RMP data taken from a previously published study on the effects of hypertonic saline-dextran (HSDex) resuscitation on poststenotic myocardial perfusion (35) . We hypoth-esized that 1) critical coronary stenosis alone would not change heterogeneity because, by definition, perfusion is not compromised under resting conditions; 2) induction of shock would disrupt the physiological pattern of blood flow distribution and therefore change D and spatial correlation; and 3) therapy with hypertonic solution would reverse these effects to some extent through its vascular effects, whereas normal saline (NS) should be less active in this respect.
METHODS
Animal preparation. Animal preparation and technical procedures have been described in detail elsewhere (35) . Briefly, governmental permission was obtained, and 13 experiments were successfully conducted in 20 open-chest, opioidbarbiturate anesthetized (1.5 mg · kg Ϫ1 ·h Ϫ1 pentobarbital sodium; 20 µg · kg Ϫ1 ·h Ϫ1 fentanyl), mechanically ventilated (fraction of inspired O 2 ϭ 0.5) pigs. Animal care and use was in compliance with the National Research Council Guide (''Guide for the Care and Use of Laboratory Animals,'' 7th ed., Washington, DC: Natl. Acad. Sci. Press, 1996) . During shock, the opioid and barbiturate doses were reduced by 50%. The animals were instrumented with a micromanometer (PC 370; Millar Instruments, Houston, TX) to measure left ventricular pressure and with a fluid-filled catheter for assessment of aortic pressures. Cardiac output and left anterior descending coronary artery (LAD) flow were measured with ultrasonic flow probes (14 and 2 mm; Transonic, Ithaca, NY). For injection of microspheres, a catheter (5-Fr; Arrow, Reading, PA) was inserted into the left atrium after needle puncture and secured in place with a circular suture. Critical coronary stenosis of the LAD was induced by micromanipulatorassisted narrowing of a thin Teflon-coated copper wire sling distal to the coronary flow probe. Absence of a hyperemic response after complete occlusion (10 s) was used to verify the critical stenosis (10) .
Experimental protocol. Baseline values were recorded and microspheres were injected after mean arterial pressure (MAP), heart rate, and cardiac output had been stable for at least 30 min. A three-to fourfold increase of LAD flow after complete occlusion of the LAD for 10 s was considered as a normal hyperemia response and was observed in all animals. Subsequently, critical LAD stenosis was implemented by incremental tightening of the wire sling until hyperemia response was no longer observed. Resting flow was not impaired by this procedure (10) . The presence of critical stenosis was verified after 10-15 min. Hemorrhagic shock was then induced by withdrawal of arterial blood as previously reported (34) . MAP was reduced to 45-50 mmHg within 15 min and was maintained at this level for 60 min. Blood was retransfused or withdrawn as necessary to maintain MAP. Afterward, fluid resuscitation was performed with either HSDex [7.2% saline-10% Dextran 60, 10% of shed blood volume (SBV); n ϭ 6 pigs] or NS (80% of SBV; n ϭ 7). Amounts of resuscitation fluids were chosen to expose each animal to an identical sodium load. Fluids were injected intravenously within 2 min. Thirty minutes thereafter, fluid therapy was continued in both groups by infusion of 6% Dextran 60 to equal 10% of SBV. Microspheres were injected at baseline (baseline), after induction of the critical stenosis (stenosis), at the end of shock (shock), and at 5 as well as 60 min after resuscitation (R 5 and R 60 , respectively).
Microsphere methodology. Regional myocardial blood flow was assessed with radioactive microspheres by using the reference sample technique (12 After completion of the protocol, the animals were killed by injection of saturated potassium chloride into the left atrium. The hearts were removed and freed from all epicardial and great vessels, valves, and adipose tissue. After fixation in 10% formaldehyde for 4-5 days, the right ventricular free wall and the atria were removed, and the left ventricular (LV) myocardium was dissected according to a topological scheme. The LV was cut into seven slices perpendicular to the longitudinal axis of the LV. Slices 1-5 were divided into 10 circumferential sectors, of which four were from the interventricular septum and six sectors were from the LV free wall. In slices 6 and 7, no septum was present. Each segment was further subdivided into subendocardial, midmyocardial, and subepicardial myocardium. In total, 186 LV tissue samples, with a mean weight of 316 Ϯ 2.7 (mean Ϯ SE) mg, were obtained from each animal.
Before the injection, the activity of the microsphere solution to be injected and the number of microspheres contained were calculated with a computer program (18) . Tissue and reference sample radioactivity was counted for 300 s by using a calibrated 1,024-channel gamma counter (model 5650; Packard Instruments, Downers Grove, IL) with a 3-in. NaI (Tl) crystal detector connected to a multichannel analyzer (series 35 Plus MCA; Canberrra Industries, Meriden, CT). Computer software (MIC-III) (11) allowed for separation of the gamma spectra, background activity, and spillover correction as well as half-life correction. Blood flow to each sample was calculated as Q rm ϭ Irm (Q art/Iart), where Q rm is RMP (in ml/min), Irm is the intensity of emitted radioactivity from the myocardial tissue sample, Q art is the arterial reference sample flow (6.47 ml/min), and Iart is the intensity of emitted radioactivity from the reference sample. Sample perfusion was referenced to weight before analysis.
Data analysis. D was calculated by assessing heterogeneity of regional perfusion (RD, i.e., SD/mean) repeatedly while decreasing the resolution of measurement by adding neighboring tissue samples. D was then determined as 1 Ϫ the slope of the linear relation of RD and resolution on a log-log plot (see Fig. 1 ) (1, 5, 15, 24, 26, 31, 33) .
To this end, we developed a computer program in the programming language Cϩϩ (Watcom C/Cϩϩ compiler version 10; Powersoft, Concord, MA) and validated it with data sets of known heterogeneity or D. Individual samples were used as well as aggregates of neighboring tissue units comprising 2(2·1), 4 (2·2), 12 (2·2·3), 24 (2·2·3·2), and 48 (2·2·3·2·2) individual samples. For this purpose, the LV was conceptually thought of as cut open vertically from the base of the heart to the apex at the posterior border of the free wall and spread out as a flat plate. Looking at this plate from the endocardial side, we assigned coordinates in the x, y, and z directions, starting with x ϭ 1, y ϭ 1, and z ϭ 1. The upper left and innermost point, i.e., the endocardial side of the LV where it joins the septum at the base of the heart, was defined as having coordinates x ϭ 1, y ϭ 1, and z ϭ 1. Coordinates were assigned, with z representing the transmural direction, x representing the circumferential position, and y as the vertical direction from the base to the apex. Alternating between x, http://jap.physiology.org/ y, and z directions and starting with the x direction, the algorithm was designed to repetitively average perfusion of either two or three adjacent tissue samples (or tissue sample aggregates). In the computer algorithm, the decision of whether to use two or three samples was generalized, and the choice depended on whether division of the number of remaining sample aggregates by two or by three yielded an integer result. In the present experiments, three aggregate samples were averaged only in the third recombination step.
To examine the impact of different modes of recombination of samples and sample aggregates, we recalculated D by using aggregates of whole circumferential sectors of myocardium. For this purpose, the recombination algorithm was modified to perform recombinations only within circumferential sectors.
In 1992, Glenny (8) proposed spatial correlation of regional pulmonary blood flow as a new parameter for characterizing distribution of regional perfusion. Correlation of flow to adjacent myocardial regions has subsequently been used as a method of assessing self-similarity of regional myocardial blood flow in addition to the global D (24, 26) . For calculation of spatial correlation, all blood flow values from adjacent tissue samples are treated as data pairs and are used as variables for a three-dimensional extension of the standard correlation formula as reported by Glenny (8) . We implemented this formula with a computer program written in Cϩϩ (Watcom C/Cϩϩ compiler version 10; Powersoft).
Bassingthwaighte et al. (2) have pointed out that spatial correlation and D are linked by the formula r ϭ 2 3Ϫ2D Ϫ 1, where r is spatial correlation. By rearranging, D ϭ 5log 2 [2 3 / (r ϩ 1)]6/2 is obtained. We calculated the D from r by using the latter formula and compared results with both direct determination of D and calculation with r.
Statistics. All statistical analyses were performed by using SAS version 6.1 (SAS Institute, Cary, NC). After verification of normal distribution of data with the Shapiro Wilks test, analysis of variance for repeated measurements was used to test the presence of global differences. Duncan's multiplerange test was performed on significant F-values. The type 1 error level was set to 5%. All data are presented as means Ϯ SE.
RESULTS
Oxygenation parameters, acid-base status, and regional myocardial metabolism and function have been described in detail previously (35) . A summary of central hemodynamic and regional myocardial blood flow data is given in Table 1 . Heart rate increased with shock and was reduced by infusion therapy in both groups. There was a difference in MAP between groups at baseline but not after LAD stenosis induction. Neither therapy increased MAP significantly, whereas cardiac index was enhanced in both groups after significant reduction during shock. Cardiac index remained at this level until the end of the protocol in both groups. LV end-diastolic pressure (LVEDP) reduction indicated hypovolemia in both groups. LVEDP was corrected immediately only in the HSDex group, whereas LVEDP increased in the NS group only after the second part of resuscitation. The subendocardial-to-subepicardial blood flow ratio (EER) was lowered by LAD stenosis only in the NS group but was still Ͼ1, excluding significant subendocardial ischemia. In both groups, shock reduced EER to Ͻ1, and EER was not improved by resuscitation. In the NS group, EER was further decreased after 1 h. Subendocardial blood flow in the NS group was higher than in the HSDex group before therapy. Whereas HSDex infusion significantly increased subendocardial blood flow from a very low level up to baseline values, NS induced no significant increase in the innermost myocardial layer. However, perfusion was as high as in the HSDex group 1 h after primary resuscitation. In the subepicardial myocardium, neither stenosis nor shock nor fluid therapy induced significant changes. In both groups, at 1 h after first volume therapy, there was a large increase in subepicardial perfusion.
Induction of the LAD stenosis did not affect the D in either group (Table 2) . Hemorrhagic shock reduced D, i.e., homogenized perfusion, significantly by 9 (HSDex) and 7% (NS) in both groups. These decreases correspond to 26 Blood flow to subendocardial myocardial tissue samples was significantly more homogeneous than blood flow to subepicardial myocardium, as evidenced by lower D values in both groups (Table 2) . This difference persisted throughout the experiment. Neither stenosis nor shock nor resuscitation altered subepicardial D in the HSDex group, whereas shock in the NS group induced a 5% reduction of D, which was not influenced thereafter. Stenosis did not affect subendocardial D in the HSDex group, but stenosis significantly reduced subendocardial D in the NS group (10%). Shock homogenized subendocardial D in both groups by 20 (HSDex) and 9% (NS). Infusion of neither resuscitation fluid changed D in the innermost layer of the myocardium.
D values that were calculated from r did not differ from values derived from analysis of RD (values for complete LV). Analysis of variance for differences within either group showed insignificant differences (P ϭ 0.32 and P ϭ 0.63, respectively) as did the tests for differences between group at each time point (P ϭ 0.48, 0.38, 0.45, 0.74, and 0.74). The mean difference of both values for D was 0.0005 Ϯ 0.01.
When comparing D values that were calculated by using aggregates of whole circumferential sectors with D values that were calculated from recombining the whole LV, there were no statistically significant differences. There was a mean difference of 0.006 Ϯ 0.008 between both values.
Results for spatial correlation (self-similarity) of flows to adjacent myocardial tissue samples confirmed the results from fractal analysis. Shock significantly increased self-similarity of blood flow in both groups (Table 3) . Resuscitation with both HSDex and NS (R 5 ) further augmented flow homogeneity, and spatial correlation values had increased by 115 and 104% of baseline values in HSDex and NS, respectively.
In contrast with D, spatial correlation values of subendocardial and subepicardial myocardial tissue perfusion were not different at any point in the protocol (Table 3) . Critical stenosis of the LAD induced homogenization within the subepicardial layer in the HSDex group and within the subendocardial layer of the myocardium in NS group. Shock evoked stronger correlation of flow to neighboring regions, except within the subepicardial layer of the HSDex group. Resuscitation induced nonuniform changes. However, 1 h after infusion of HSDex and NS, spatial correlation values had increased by 157 and 65% compared with baseline in the subepicardial layers of the myocardium. In the subendocardial layers, correlation value had increased by 200 and 136% compared with baseline values.
In contrast with D and spatial correlation, RD as the conventional parameter of heterogeneity indicated more heterogeneous RMP in both groups during shock as well as after resuscitation in the NS group (Table 4) . Coronary stenosis did not affect RD, but after induction of shock, there was a 68% increase of RD in the HSDex group and a 47% rise in the NS group. Infusion of NS further increased RD by 22%. Values are means Ϯ SE. Fractal dimension of whole left ventricle (LV) and separate for subendocardial (Endo) and subepicardial (Epi) LV myocardial blood flow. HSDex, n ϭ 6 pigs at all time points; NS, n ϭ 7 pigs except n ϭ 6 pigs at R 60 . Note absence of significant differences between groups. * P Ͻ 0.05 vs. previous time point in protocol; † P Ͻ 0.05 Epi vs. Endo. Separate calculation of subendocardial and subepicardial RD revealed no change in the subepicardium in the HSDex group but significantly more heterogeneous perfusion in this layer in the NS group on both shock and resuscitation (Table 4 ). The subendocardial myocardium in both groups displayed increase of RD after induction of hypotension and augmentation of this effect with infusion of either solution. In the HSDex group, RD of subendocardial myocardial perfusion was lower (more homogeneous) than RD of subepicardial perfusion at baseline and was higher (more heterogeneous) at 5 min and 1 h after resuscitation.
DISCUSSION
Fractal geometry has been termed a design principle for living organisms (33) . The universal nature of fractal trees in biology has recently been demonstrated by West et al. (36) . The authors showed that modeling a wide variety of physiological processes (including nutritive perfusion) for different species of greatly different sizes was only successful if fractal tree models were used. Fractal properties of spatial variability of regional myocardial blood flow are now well established (1, 15, 31) . However, nothing is known about the impact of shock or coronary stenosis or a combination of both on fractal properties of perfusion of the heart. It is also not known whether fluid therapy, which is known to restore to the original state alterations of blood flow that are induced by shock (19) , can exert effects on D of myocardial perfusion.
Regional myocardial blood flow measurements have become possible in humans with the introduction of new techniques, such as positron emission tomography. Heterogeneity of perfusion is recognized to be of major relevance in coronary artery disease (7) . Therefore, heterogeneity of flow and fractal analysis of cardiac perfusion have been deemed to have major implications for the measurement of flows in the myocardium of patients (4) .
For example, in the past, fractal geometry of heart rate variability (29) , retinal vascular branching pattern (20) , and radiological tumor appearance (32) have successfully been used to diagnose human pathology. The lack of experimental data relating to D of RMP in the presence of coronary pathology is serious when one considers the possible relevance of this parameter for patients in the near future.
Myocardial ischemia induces changes in the microvascular network that interfere with normal distribution of blood flow (3, 14) . Small-volume resuscitation has been shown to enhance nutritional flow (19) and to partially reverse leukocyte adhesion and extravasation in striated muscle vasculature after ischemia (27) . Capillary narrowing in hemorrhagic shock is reversed by infusion of hypertonic solutions (25) , and coronary vasodilation is induced by coronary infusion of hypertonic saline (30) .
If distribution of perfusion is disturbed by ischemia, this should result in noticeable changes of heterogeneity parameters of regional myocardial blood flow. Coronary stenosis should, through aggravation of ischemia, increase changes induced by hemorrhagic shock. On the other hand, infusion of hypertonic solutions has been reported to reverse some of the untoward effects of ischemia on perfusion (19, 25, 27) . The purpose of this study was to challenge these theoretical considerations and to test whether previous findings can be corroborated with new methods of heterogeneity analysis of regional blood flow.
To the authors' knowledge, the present report is the first on D and spatial correlation of regional myocardial Values are means Ϯ SE. Spatial correlation of blood flow to adjacent LV myocardial tissue samples. Whole LV and separate values for Endo and Epi LV myocardium. HSDex, n ϭ 6 pigs at all time points; NS, n ϭ 7 pigs except n ϭ 6 pigs at R 60 . Note absence of significant differences between groups and between subendocardial and subepicardial values. * P Ͻ 0.05 vs. previous time point in protocol. Values are means Ϯ SE. Relative dispersion of blood flow to LV myocardial tissue samples. Whole LV and separate values for Endo and Epi LV myocardium. HSDex, n ϭ 6 pigs at all time points; NS, n ϭ 7 pigs except n ϭ 6 pigs at R 60 . Note absence of significant differences between groups and between subendocardial and subepicardial values. * P Ͻ 0.05 vs. previous time point in protocol; † P Ͻ 0.05 epi vs. endo.
blood flow in the presence of critical coronary stenosis and hemorrhagic shock.
Induction of critical LAD stenosis did not alter regional myocardial O 2 delivery, lactate metabolism, regional perfusion, and regional myocardial function distal to the vascular stenosis (see Ref. 35 for detailed data). Poststenotic myocardial O 2 delivery was reduced to 46 (NS) and 37% (HSDex) during shock. Blood flow to nonpoststenotic myocardium was maintained during shock. Conversely, in the poststenotic area, a significant reduction to 63 (NS) and 43% (HSDex) of preshock values took place. In both groups, the poststenotic myocardium produced lactate during shock. This effect was reversed in some animals when they were infused with HSDex, and the effect persisted in all NS-treated animals. These data show that significant ischemia was present during shock in the poststenotic myocardium.
Baseline D of the whole LV are in the range of what has been previously reported for dogs (15) but are slightly higher than data for baboons, sheep, and rabbits (1) . Values of spatial correlation of LV perfusion at baseline were in the range that has been found previously (24) . Taking into account the dependence of RD on sample mass, there was no difference between baseline values in the present study compared with those in previous reports (1, 15, 23) .
As expected, heterogeneity parameters for the whole LV revealed minimal or no influence of critical LAD stenosis on regional blood flow. Shock, however, induced substantial reduction of D and increase of spatial correlation; both results indicate homogenization of flow distribution. In contrast, RD increased, demonstrating more heterogeneous distribution of local perfusion. A similar discrepancy between spatial correlation and RD has been observed for canine pulmonary perfusion after change of posture of the animals (9) .
The physiological pattern of distribution of myocardial perfusion seems to be heterogeneity. Because, for example, subendocardial and subepicardial perfusion are known to be different in magnitude, this concept should be easy to accept. It has been shown in dogs that large spatial differences in myocardial perfusion are linked to proportional differences in local glucose metabolism. Differences in blood flow are not associated with differences in oxygenation; i.e., low-flow areas are not at risk for hypoxia (28) . It can be concluded that perfusion heterogeneity is a necessary adaptation to local substrate needs. Heterogeneity of RMP has been shown to be a stable phenomenon over time (17) . Heterogeneity of RMP was demonstrated to be stable over hours before and after sympathetic stimulation (6) .
Homogenization during shock may therefore be interpreted as either an expression of detrimental effects of shock or as an adaptive response of the myocardium. In either case, reversal of induced reductions of heterogeneity may be seen as beneficial. Such reversal would either show that adaptations are not necessary anymore or that shock effects are no longer operative. However, therapy of hemorrhagic shock did not reverse reductions of D but aggravated reductions of D in the HSDex group. Increases of spatial correlations in both groups and increases of RD in the NS group were also augmented by fluid resuscitation from shock. Approximated RD of regional myocardial blood flow (calculated by dividing reported SD by average blood flow) from previous studies shows that the increase of RD on induction of hemorrhagic shock is a common finding (13, 23) .
This paradoxical result of opposing findings for heterogeneity as indicated by RD, D, and spatial correlation stresses the importance of calculation of different parameters during analyses of heterogeneity. Whereas RD averages global perfusion, spatial correlation averages the local mutual relationship of neighboring tissue samples. D, however, measures the change of heterogeneity with changing aggregate sample size. Whereas D is based on information from the whole fractal plot (Fig.  1) , RD may be considered to represent only the intercept of such a plot. The slope of a fractal plot, and thus D, may well increase or decrease while the intercept at the same time remains unchanged or decreases or increases. The effects of any form of intervention on D, spatial correlation, and simple RD of myocardial perfusion have never before been compared.
The present report is the first to present separate calculations of D for subendocardial and subepicardial myocardium. This analysis yielded values for subepicardial but not for subendocardial samples that are slightly above the D that is expected for completely uncorrelated regional flow values (i.e., 1.5) (1). However, it has been pointed out that under special circumstances, when inverse correlations of regional myocardial flow become evident, a D of Ͼ1.5 is possible (1, 2). We interpret those values as indicating very heterogeneous, non-self-similar perfusion in the subepicardial myocardium. Biological or statistical noise may have caused D to be above the theoretical limit of 1.5. On the other hand, for the subepicardial myocardium, the mathematical relationship of spatial correlation and D did not follow the equation formulated by Bassingthwaighte et al. (2) . However, in the case of subendocardial myocardium, the data did fit the equation. This might raise the question whether the methodology failed because of low sample numbers, for instance. However, close examination of the blood flow results and of results from fractal analysis gave no indication of methodological flaws.
Homogeneity of regional blood flow when analyzed for all transmural layers together but random perfusion of separated tissue layers at baseline may be explained by the coupling of subendocardial and subepicardial perfusion. The ratio of perfusion to neighboring epicardial and endocardial regions is uniformly reported to be tightly regulated (3, 13, 16) . Separating regions of coupled perfusion resulted in increased D but not in increased RD or spatial correlation.
It is striking that in both groups D values derived from subepicardial myocardium varied minimally, whereas subendocardial D decreased dramatically on induction of shock and remained depressed despite shock therapy.
In contrast to global, sample size-independent heterogeneity (D), spatial correlation did not display this difference between myocardial tissue layers. Shock increased spatial correlation, and therapy augmented this result in part. RD of separated LV wall layers partially confirmed the findings for D. In the HSDex group, RD of the epicardial tissue layer did not change in response to shock and therapy, whereas the endocardial layer displayed dramatically increased RD. In the NS group, this pattern was not as marked. We conclude that shock in the presence of critical coronary stenosis affects most pronouncedly subendocardial perfusion heterogeneity. This may be due to mechanisms operational during shock that preferentially change blood flow distribution within subendocardial tissue portions. Subendocardial edema and consecutive compression of intramyocardial vessels (3), as well preferential swelling of myocytes in the subendocardium (14) , might induce heterogeneous distribution of perfusion during ischemia and thus explain the observed differences.
In conclusion, we have provided the first experimental data on D and spatial correlation for myocardial perfusion in the presence of critical coronary stenosis and shock. Separation of subendocardial and subepicardial tissue portions revealed that global homogeneity measured with D of myocardial perfusion may be due to local transmural coupling of blood flow, because separation of transmural layers resulted in random distribution of flow. Separate calculations, similar to the present study, for transmural myocardial layers have never before been published.
Previous reports suggested that small-volume resuscitation reverses many of the untoward effects of ischemia in the microcirculation. Our results do not support the assumption that these beneficial effects exert a significant influence on distribution of myocardial perfusion. Neither HSDex nor NS fluid resuscitation elicited reversal of shock-induced reduction of D or reversal of increased spatial correlation. Fluid infusion aggravated changes in part. However, it is important to emphasize the difference between previous reports and the present study because no coronary stenosis was present in previous studies. The lack of efficacy of small-volume resuscitation in terms of restoration of perfusion heterogeneity in our model may be interpreted as the result of impaired distribution of myocardial blood flow after shock in the presence of coronary stenosis that could not be reversed.
